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• C. It was found that the high energy ball mill with a milling rate enabled to obtain powders with the ner particles at the reduced milling time mechanical alloying of the initial powders linked to the formation of barium hexaferrite phase. The exothermic reaction peaks corresponding to the formation of BaFe12O19 phase shift from 928
• C to 793
• C for the increased milling time up to 6 h. This was resulted in improved magnetic properties that the Ms value of the as-blended sample sintered at 800
• C rised from 31.16 emu/g to 53.46 emu/g after milling for 6 h. The saturation magnetization and remanence values of the samples mechanically alloyed for 3 h and sintered at 1150
• C also increased to 63.57 emu/g and 31.26 emu/g, respectively, more than for 800
• C and 900
• C. The increase in the annealing temperature favours the formation of BaFe12O19 phase in the samples. High saturation magnetization, sucient coercivity and structural stability are important criteria for a permanent magnet. It is known that high coercivities require ne structures, with a particle size signicantly * corresponding author; e-mail: gsadullahoglu@beun.edu.tr small about 1 µm. There are several techniqes to produce ne particle barium hexaferrites, which are coprecipitation [8] glass crystallization [9] , mechanochemical activation [10] and mechanical alloying [11, 12] . Highenergy mechanical milling (mechanical alloying) is a simple technique used to obtain high coercive hexaferrites associated with ne microstructure. By utilizing this process, the particle size can be reduced from multidomain to a single domain by using dierent milling processes to reach high coercivities up to 67 kOe and high saturation magnetization about 75 emu/g [13, 14] . BaM-hexaferrite produced by high energy ball mill (HEBM) indicated superior magnetic properties over the ceramics prepared by conventional solid-state reaction for magnetic recording applications [15, 16] .
However, HEBM as a prevalent technique requires a comprehensive synthesis of M-type hexaferrites prepared by HEBM powders, because a systematic investigation on this process and eects on magnetic properties are still missing in the literature.
Therefore, in the present study, Ba-hexaferrite powders were prepared by high energy ball milling for different periods, thermal reactions of the milled powders were determined by dierential thermal analysis (DTA)
analysis. The inuences of the process on the reaction temperature, phase formation, magnetic structure and magnetic properties were investigated. • (Fig. 1a ). [20] was reected from the samples milled for 3 h and 6 h.
Further milling of the powders leads to the broadening of the peaks, small reections from the BaO 2 phase (the Bravais lattice: body centered tetragonal, space group: I4/mmm; a = b = 0.378 nm, c = 0.677 nm) [21] were detected in the sample as blended, it can be said that BaCO 3 phase were partially transformed to the BaO 2 after annealing of the mixed powders. On the other hand, Table shows that the exothermic peak temperature increased for the powders MA'd for 9 h and 20 h which may be attributed to the created internal strains and defects by overmilling.
In order to identify the initial exothermic peaks be- with the presence of Fe 2 O 3 which has a major diraction peak detected in the XRD diraction analysis in Fig. 6a .
This antiferromagnetic phase is detrimental to the magnetic properties of the sample. In Fig. 8a (Fig. 6) as a result of the defects and internal strains which make hard the crystallization of the hexaferrite phase. 
